does not decrease. This latter finding might be taken as a suggestion that neither adipose nor other tissues take up endogenous triglycerides in vivo during fasting conditions, if we assume that the major triglyceride production is abolished after hepatectomy.
From these points it seemed important to determine whether there is net production of triglycerides by the liver in the fasting state in vivo in man. Data from studies in man utilizing hepatic vein catheterization are presented in this paper. Net splanchnic production of triglycerides and of labeled plasma triglycerides after injection of labeled palmitate has been estimated.
MATERIALS AND METHODS
Three men, 40 to 50 years old, all subjectively in good health and physically fit, although two had previously had a myocardial infarction, were studied in the morning after fasting overnight. Except for the presence of coronary heart disease and elevated plasma lipids in two of the men, no other abnormalities were found in the clinical and laboratory examinations.
The hepatic vein was catheterized percutaneously from the femoral vein, and the position of the catheter checked by X ray and by the concentration of Bromsulphalein (sulfobromophthalein sodium) in the vein. When this catheter was in position, another catheter was inserted into the brachial artery and a third into a brachial vein. In the latter, a constant infusion of Bromsulphalein was given. Saline was infused slowly through the hepatic vein catheter. When all catheters were in place, the infusion of Bromsulphalein was started and was allowed to proceed for 45 minutes. Thereafter, samples for analysis were taken simultaneously from the artery and the hepatic vein by heparinized syringes. This was repeated twice at 10-minute intervals. Then an inj ection of albuminbound palmitate-1-C' was given. Simultaneous samples were drawn from the brachial artery and the hepatic vein for analysis at 10-minute intervals. All three subjects felt quite comfortable during the entire study.
Estimation of hepatic blood flow.. This was done in principle according to Bradley, Ingelfinger, Bradley, and Purry (13) . When a priming dose of 150 mg of Bromsulphalein had been given, a constant infusion of 6 mg (17) .
Isotope determination. The plasma lipids were extracted in chloroform-methanol as described previously from this laboratory (18) in a slightly modified way. The extraction was completed within 5 minutes after the blood samples had been withdrawn. The lipid extract was separated on silicic acid into one fraction containing the cholesterol esters, one containing the triglycerides and the FFA, and one containing the phospholipids. The fraction containing the triglycerides and the FFA was separated on Amberlite IRA as described previously (18) . After the addition of carrier fatty acid, the fractions containing the isolated triglycerides and the isolated FFA, respectively, were dried and dissolved in toluene containing 0.3%o diphenyloxazole as scintillator and counted in an Ecco liquid scintillation counter. In model experiments the recoveries for these procedures are around 95%c. The entire procedure was carried out in duplicate, the standard error for the specific activity at reasonable activities being around 4%o.
Administration of palnmitate-1-C"4. Plasma lipids during the experiment. The experimental results are given in Tables I and II. While Case 1 had normal fasting triglycerides, Cases 2 and 3 had moderately elevated levels of fasting triglycerides. The upper normal limit for this blood lipid fraction is around 2.2 mmoles per L (19) .
The variation of the triglycerides and the plasma FFA during the procedure was small and well within the error of the methods (Table II) . It is especially noteworthy that the FFA, which are known to respond rapidly to psychologic factors such as anxiety and discomfort (20) , remained so constant during the study.
Arterial-hepatic vein difference of plasma lipids. The mean value for the arteriovenous difference over the splanchnic region of FFA and triglycerides is given in Table II , and a typical experiment is shown in Figures 1 and 2 . The splanchnic region showed a significant uptake of FFA in all cases, as described previously in man by Gordon and Cherkes (21) . On the other hand, no sta- tistically significant arteriovenous difference could be found for the plasma triglycerides.
Radioactivity in the plasma lipids. The results were qualitatively the same in all three cases. The data from Case 3 are given in Figures 1 and  2 . The activity of the FFA declined after the injection with an initial half-life of 2 to 3 minutes. After 20 minutes significant radioactivity appeared in the triglycerides. After from 30 to 70 minutes this activity increased almost linearly in the arterial plasma as found previously after the injection of labeled palmitate in man (22) . In all cases and samples the specific activity of the triglycerides was higher in the hepatic vein than in the arterial samples. This difference cannot be explained by the time of the blood's passage through the splanchnic region, as the possible error of the transit time at increasing arterial concentration would give the opposite result. Calculation of splanchuic uptake of FFA and total flux of FFA. The net splanchnic uptake of FFA is calculated in Table IV , and amounted to about 22% of calculated total flux of FFA through plasma. The net splanchnic uptake thus calculated is mainly the result of uptake of FFA in the liver and in the rest of the splanchnic region as well as any release of FFA from omental adipose tissue. Furthermore, the titrated acidity comprises FFA to only 82%c (17) . Major changes, for example, in the concentration of cephalins over the liver, which contributes significantly to the titrated acidity, might thus influence the observed A-V difference.
DISCUSSION
Comparison of splanchnic production of inactive and radioactive triglycerides. In the fasting state no net production of triglycerides by the splanchnic region could be found. On the other hand, there was a significant production of radioactive tri- glycerides. It can be concluded from in vitro and in vivo experiments that these radioactive triglycerides must be derived mainly from active syntheses or transesterification in the liver (5, 6, (8) (9) (10) 22) . The results indicate a rapid equilibration of the triglyceride fatty acids of the glyceride pools in the liver and in plasma without significant net production of triglycerides. In vitro studies with rat liver slices have, in conformity with these data, shown not only a secretion of radioactive triglycerides to the medium, but also an uptake of triglycerides from the medium (23) . In the rat, it has also been shown by Laurell that injected labeled plasma triglycerides indeed have a rapid turnover with an initial half-life time of about 3 to 5 minutes (24) . This rapid initial turnover might well be due to the splanchnicplasma exchange of triglycerides.
Transport of triglycerides to the periphery. Since the plasma triglyceride concentration remained constant during the study, it should be possible to estimate the transport of triglycerides from the splanchnic region to the periphery from the data on the splanchnic production of inactive as well as of radioactive triglycerides.
No significant production of chemically determined triglycerides was found, which in the steady state indicates that no net transport to the periphery occurred.
There are, however, two limitations in the methods used which must be emphasized. First, the methodological error in the determination of the triglycerides was, in the cases studied, within (25) . Furthermore, the calculated net splanchnic production of radioactive triglycerides up to 70 minutes agreed well with the estimated amount of radioactivity circulating in the plasma compartment at that time. This indicates that the transport to the periphery of radioactive triglycerides during the time studied is smaller than the errors of the methods used for the estimation. If we assume a random error for the procedures used to be about 5%o, a difference of about 2,400 cps (counts per second) between net production and recovered amount would be within the limit of the methods in Case 3. Since the mean specific activity in the plasma triglycerides was about 1,000 cps per mmole from 20 to 70 minutes, we once again reach a figure of around 2 mmoles per hour for the maximal possible net transport of triglycerides to the periphery.
There are also some systematic errors involved in the methods used. The estimated splanchnic blood flow is subject to small positive errors. The use of A-V difference at increasing concentration tends to make the observed difference too low due to the transit time. Both these errors might cause the calculated net production to be too low. However, the amount calculated to be present in the plasma compartment might also be too low due to the slight underestimation of the blood volume.
General discussion. In the fasting state lipogenesis is low and thus not a major precursor of the triglyceride fatty acids in the liver (26). The major source would then be FFA. The hepatic uptake of FFA is not known in the subjects studied. Studies in rats (27, 28) and in rabbits (29) indicate that about 30%o of the FFA flux is taken up by the liver. Our figure for estimated net splanchnic FFA uptake was 22%o of the plasma flux. If FFA is the major oxidized substrate in the fasting liver, then about 10 mEq of FFA would be oxidized per hour, as the oxygen consumption of the liver is 5 L per hour (30) . As a matter of fact, the mean calculated uptake of FFA in the splanchnic region was 10 mEq per hour in the cases studied. If we assume that the splanchnic uptake underestimates hepatic uptake of FFA within 30%o, due to FFA release from omental fat, as judged from the animal data, there would be at the most 5 mEq of FFA taken up by the liver per hour, which might be used for net transport to the periphery. This figure is very close to the estimated possible maximal peripheral triglyceride fatty acid transport of 6 mEq per hour. However. FFA taken up by the liver in amounts exceeding the oxidative needs have other possible pathways, such as storage in the liver and conversion to ketone bodies.
It is recognized that the technique with observation of arterial-hepatic vein difference includes studies not onlv over the liver but also over the adipose tissue located in the splanchnic region and the intestines. The possible contribution of tissues other than the liver to our data can be studied directly only by means of portal vein blood samples.
SUMMARY
The net splanchnic production of triglycerides and of radioactive triglycerides after the injection of albumin-bound palmitate-1-C14 was studied simultaneouslv in the fasting state in man by liver vein catheterization.
No net production of triglycerides could be demonstrated over the splanchnic region.
Up to 70 minutes after the injection of labeled palmitic acid there was a significant splanchnic net production of radioactive triglycerides. The estimated splanchnic net production of radioactive triglycerides compared well with the calculated amount of radioactive triglycerides present in the plasma compartment.
The data have been taken as an indication that, considering methodological errors, the net transport of triglycerides to the periphery was less than + 2 mmoles per hour. Furthermore, the data indicate that there is a rapid exchange of triglyceride fatty acids between the liver and plasma triglyceride pools. This process was much more rapid than any net transfer of triglycerides from these pools to the periphery.
